1,2
The common methods are gas chromatography, liquid chromatography, capillary electrophoresis and other kinds of methods. [3] [4] [5] Ninhydrin colorimetry is a classical method, which is widely utilized in amino acid analysis; this began in the late 1940s. 6, 7 This reaction is very complex, and is affected by many factors; however, there has been less research on the factors. In many previous papers, the factors have been analyzed including the pH, concentration and dosage of the reagent, the reaction time and the temperature; more chemical factors and their interactions on the reaction were less studied. 8 For studying this, amounts of test tubes were utilized in a conventional experiment; however, the experimental workload on several factors and interactions among them is tremendous and also time-consuming. Technologies concerning high throughput and ink-jet printing may make experiments relatively simple.
High-throughput technology is carried out in a large number of experiments, including high-throughput sequencing and high-throughput screening.
9-11 A high-throughput experiment is based on high-throughput technology to create plenty of independent react-units or units of organic combination of material according to the design. [12] [13] [14] Combinatorial chemistry is generally conducted in a high-throughput format; further new structures and functions of material by organic combination are generated. 15 The technology of high-throughput experiment shortens the experiment period, improves the efficiency and reduces the costs. [13] [14] [15] By ink-jet printing, ink is sprayed onto the dielectric surface through a nozzle, which achieves non-contact, high-speed and low-noise printing. 17, 18 The merits of piezoelectric drop-ondemand ink-jet printing are the small size of the ink droplets, high precision and few limitations for ink, which can adapt to all kinds of chemical reagents, in theory. Chemical reagents are sprayed regularly onto dielectric surfaces (according to the design template) through an ink-jet printer; finally, numberous combinations of reagents are achieved by microchemistry and intelligent control. 19 The characteristics of ink-jet printing technology are as follows: a large number of design libraries, homogeneous jet flow, minimum materials, a high film-forming effect, and the printing positions are accurate; all these make ink-jet printing to be a potentially parallel technology with high throughput. 16 Ink-jet printing adopts the CMYK color mode; which refers to cyan, magenta, yellow and black, respectively, and each ink is output at the rate of 1 percent from 0% to 100%. 20 In this study, a new method based on a high-throughput experiment and ink-jet printing was implemented in article to study the reaction of amino acid and ninhydrin that was affected by several factors (three chemical reagents). A printing template was designed (Fig. 1(a) ), and expressed as an assembled pattern by the colors of three inks (C, M, Y). The color represented the kind of ink, and the color depth represented the amount of ink; the amount of each ink changed both continuously and gradually (100% -0%). Numberous micro-units were formed on the template by cross combinations of the kinds and amounts of three inks via the high-throughput experiment. There are 156025 micro-units in every reaction area. C, M, Y corresponded to A, B and C, respectively, on the printing template. Through a screening test, 3 reagents were filtrated out; they were A (NiSO4), B (Na2S2O3) and C (C4H6O6, tartaric acid), which represented 3 factors. Three chemical reagents were sprayed on a blank substrate (medical-PET film) by an ink-jet printer according to the design template; ninhydrin reagent was also sprayed evenly on the substrate. At last, numberous microreaction units on the substrate were completed, the substrate was named reaction chip ( Fig. 1(b) ), and its size was 7 × 7 cm. Every micro-reaction unit was a micro-reactor. The sample (supernatant of fresh red grape) reacted with ninhydrin in microreactors on the reaction chip.
The information of the experimental results was demonstratedFour reaction areas were cut off and marked as I, II, III, IV according to designed template, respectively. In the gray image, every pixel corresponded to a micro-reaction unit on the reaction chip. The gray value of the pixel was represented in an integer (a byte) from 0 to 255 (black to gray and white); black is 0 and white is 255, and each gray value corresponded to the color of the experimental result in the pixel. Some gray values (rows and columns) from the gray image were presented in a 2-D coordinate (Fig. S4 , Supporting Information). In Fig. S4(a) , in reaction I (condition of A and B), when there is only A (B = 0), the effect on the reaction is not obvious with the change of the A amount. By comparison, when under the interaction of A and B, the effect is obvious. In Fig. S4(b) , in reaction III (condition of B and C), when there is only B (C = 0), the change of B amount has an obvious effect on the reaction. However, under the interaction of B and C, there is no obvious effect on the reaction. In Fig. S4(c) , in reaction II (condition of A and C), when there is only C (A = 0), the change of the C amount has an obvious effect on the reaction, especially the C amount at 0 -30. When under the interaction of A and C, there is an effect on reaction, too.
The contour map is drawn to analyze the results, and four areas (I, II, III, IV) are expressed, respectively, in Fig. 3  ((a) -(d) ). In Fig. 3(a) , the result demonstrates that in the top-right region (the amount of A is large; B is relatively small), there is no significant effect on the ninhydrin reaction. When the amount of A is small, simultaneously the amount of B is large; the gray values change greatly and there is obvious effect on the ninhydrin reaction. In Fig. 3(b) , in the top-right region (the amount of A is large and C is relatively small); there is no significant effect on the ninhydrin reaction. When the amount of A is small, the gray values are increasing with the C amount changing; there is significant effect on the ninhydrin reaction. In Fig. 3(c) , the interaction of B and C has no significant effect on the ninhydrin reaction. In Fig. 3(d) , in the above half region, there is an obvious effect on the reaction under the interaction of A, B and C; in this case, the A amount is large compared with the lower half.
Control experiments also were made under the conditions in the absence of the amino acid sample and three reagents (A, B and C) in Fig. S5 (Supporting Information). In Fig. S5(a) , there is no color on the chip without the sample. This proves that ninhydrin reaction does not occur in the absence of the amino acid samples. In Fig. S5(b) , there is an obvious result on the chip, and the color is uniform (under the condition of ninhydrin and amino acid sample without chemical reagents). Compared with Fig. 2(a) , this proves that the ninhydrin reaction is effected by the three reagents. Moreover, the results that appeared as a pattern on the reaction chip are relative to the design rules of the three reagents (on the design template).
In a word, chemical reagent A has no obvious effect on the ninhydrin reaction; however, A with B and A with C have an obvious effect on the reaction. Both B and C have an obvious effect on the reaction, while the interaction of B and C has no obvious effect on the reaction. Under the interaction of A, B and C, the amount of A plays a role on effect to the reaction.
In conclusion, we carried out a new method to study the ninhydrin reaction affected by the interaction of three chemical reagents through a high-throughput experiment and ink-jet printing, and obtained much information by one experiment. This method shortens the experimental workload and completes a difficult problem concerning the traditional experiment.
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